Background This study sought to compare outcomes of patients who underwent hand-assisted laparoscopic (HAL) colectomy with open and laparoscopic colectomy (LP). Study Design The NSQIP databases were used to examine the clinical data of patients who underwent elective colectomy during 2012-2013. Multivariate regression analysis was performed to compare the three surgical approaches. Results We sampled a total of 21,090 patients who underwent colectomy. Of these, 7480 (35.5 %) had open colectomy (OC), 8751 (41.5 %) had a laparoscopic colectomy, 2860 (13.6 %) had a HAL colectomy, and 1999 (9.5 %) had an open procedure converted from LC or HAL. Multivariate regression analysis revealed HAL colectomy had a similar mortality (AOR 0.53, P= 0.07) and a lower morbidity (AOR 0.37, P<0.01) compared to OC. LC had lower mortality (AOR 0.58, P=0.02) and morbidity (AOR 0.43, P<0.01) compared to OC. Mortality of patients who underwent HAL was not significantly different from LC (AOR 0.90, P=0.79); however, morbidity of such patients was significantly higher than for patients who underwent LC (AOR 1.29, P<0.01). Conclusions HAL colectomy is a safe approach with significant advantages compared to open colectomy. Although the morbidity of patients who underwent HAL is higher than patients who underwent LC, the morbidity rate is still lower than OC.
Introduction
Since its introduction in 1990, laparoscopic colectomy has gradually become the preferred technique for colon resection.
1 -4 Feasibility, safety, and advantages of laparoscopic colectomy compared to the traditional open colectomy have been reported multiple times.
5 -7 However, the technical difficulties, learning curve, and limitations of laparoscopic colectomy make the adaptation of a laparoscopic approach in colon surgery slow. 8 In order to overcome the technical difficulties of laparoscopic colectomy, hand-assisted laparoscopic colectomy was introduced. 9 Hand-assisted laparoscopic (HAL) colectomy is a hybrid technique allowing surgeons to mix both open and laparoscopic techniques within the same operation. 10 It can be used to decrease the conversion rate of laparoscopic colectomy to open or to assist novice laparoscopic surgeons to climb the steps of the learning curve of laparoscopic colectomy. 10 The procedure involves insertion of a hand into the abdominal cavity through a special hand port, while otherwise maintaining the laparoscopic colectomy to facilitate colon resection. 11 A number of studies have been reported comparing laparoscopic colectomy and HAL colectomy.
11 -14 Shorter operative time and a lower conversion rate compared with laparoscopic colectomy have been reported. 15 However, the numbers of patients in these studies have been limited, and there is limited data comparing HAL colectomy with open and laparoscopic colectomy using multivariate analysis to attempt to control for population differences. Using a nationwide database, this study aims to compare outcomes of open, laparoscopic, and HAL colectomy.
Materials and Methods
This retrospective analysis was performed using the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database from 2012 to 2013. ACS NSQIP is a validated outcome-based database designed to improve hospital surgical quality. 16 It provides pooled data from multiple institutions with over 250 variables including preoperative to 30-day postoperative information of surgical patients based on clinical data in the USA. 16 Data abstraction occurs consistently with standardized definitions, and data accuracy is ensured by specifically trained nurses and audits at each participating institution. 16 We analyzed the available data on patients who underwent elective colon resection. Patients with International Classification of Diseases, 9th Revision, clinical modifications (ICD-9-CM) diagnosis codes of colon cancer (153, 153.0-153.9, and 154.0), diverticular disease (562.10-562.13 and 562.1), benign colon tumors (211.3), ulcerative colitis (556 and 556.0-556.9), and Crohn's disease (555.1 and 555.2) were included only if they had procedure codes for colon resection according to the Current Procedural Terminology (CPT) codes of 44140-44160 and 44204-44212. Patients younger than 18 years, patients with an American Society of Anesthesiologists (ASA) class of five, and non-electively admitted patients were excluded from this study.
Variables of the study consisted of demographic-specific data on age, sex, race, comorbidities, type of the resection (partial colectomy vs. total colectomy), wound classification (clean, clean contaminated, contaminated, dirty), oral antibiotic and mechanical bowel preparation, surgical approach, ASA score, operation length, total hospitalization length, patient diagnosis (colon cancer, diverticular disease, ulcerative colitis, and Crohn's disease), preoperative white blood cell count, and serum albumin level which were abstracted from the database when available. All comorbidity variables reflect standardized NSQIP definitions except the obesity variable which was defined as a body mass index 30 or more according to the original variables of NSQIP. Primary end points of interest were mortality, overall morbidity, postoperative complications, total operation length, and total hospital stay.
Statistical Analysis
Data were recorded and analyzed using SPSS® software, version 22 (SPSS Inc., Chicago, IL). The length of total hospitalization and operation length were compared using a multivariate linear regression model. Multivariate analysis using logistic regression with calculation of adjusted odds ratio (AOR) and 95 % confidence interval was used to compare mortality and postoperative complications of open, laparoscopic, and HAL colectomy groups. Also, using logistic regression, we compared different left-sided colectomy approaches with each other for diverticular disease patients in a subset analysis of data due to differential use of HAL for left and right colectomy. In order to eliminate effects of confounding variables, adjustments were done for all variables of the study which include age, sex, race, ASA classification, operation length, type of the diagnosis, type of the procedure, serum albumin level, white blood cell count, dyspnea, bleeding disorders, hypertension, weight loss, chronic steroid use, diabetes, chronic pulmonary disease, congestive heart failure, obesity, ascites, renal failure, wound classification, disseminated cancer, smoking, mechanical bowel preparation, and oral antibiotic bowel preparation. The level of significance used for retention was 0.05.
Results
A total of 21,090 patients who underwent elective colectomy were identified from the ACS NSQIP database for 2012-2013. The median age of patients was 62 years old; the majority of patients were Caucasian (86.7 %) and slightly more than half were female (50.6 %). Of the comorbidities encountered, the most common was hypertension (49.2 %) followed by diabetes (14.9 %). The summary of patient baseline characteristics by surgical approaches is shown in Table 1 .
Mortality of patients who underwent open colectomy was 2.1 %. Patients who underwent successfully completed laparoscopic and HAL colectomy had a mortality rate of 0.6 %. In multivariate analysis, there was no significant difference between mortality rate of laparoscopic and HAL approaches. Overall, morbidity rates of patients who underwent open, and successfully completed laparoscopic, and HAL colectomy were 44.6, 20.7, and 24.7 %, respectively. Following multivariate analysis, both laparoscopic and HAL approaches had significantly lower morbidity rates compared to open colectomy ( Table 2) .
The median operation times of patients who underwent open, laparoscopic, and HAL colectomy were 147, 157, and 154 min, respectively. Laparoscopic colectomy had a longer operative time compared to open colectomy (mean difference=6 min, CI 3-10, P<0.01). Also, HAL colectomy had a significantly shorter operative time compared to laparoscopic colectomy (mean difference = 8 min, CI 4-12, P<0.01). However, there was no significant difference in operative time between open and HAL colectomy (mean difference=3 min, P=0.33).
The median total hospitalization length of stay of patients who underwent open, successfully completed laparoscopic, and HAL colectomy were 7, 4, and 4 days, respectively. Both HAL colectomy (mean difference=3 days, CI 2-3, P<0.01) and laparoscopic colectomy (mean difference=3 day, CI 2-3, P<0.01) had a shorter total hospitalization length compared to open colectomy. There was no significant difference in total hospitalization length of patients between those who underwent laparoscopic and HAL colectomy (mean difference=0 day, CI 0-1, P=0.21).
Risk-adjusted analyses of postoperative complications of open, laparoscopic, and HAL colectomy are shown in Table 2 . The risks of 13 postoperative complications were significantly lower in laparoscopic colectomy compared to open SD standard deviation colectomy. Also, the risks of nine postoperative complications were significantly lower in HAL colectomy compared to open colectomy. Table 5 reports risk-adjusted analysis of postoperative complications in HAL colectomy compared to laparoscopic colectomy. Although mortality risks of laparoscopic and HAL colectomy were not significantly different, morbidity of patients undergoing HAL colectomy was significantly higher than patients who underwent laparoscopic colectomy (AOR 1.29, P<0.01). Postoperative complications of sepsis (AOR 1.51, P=0.02), superficial surgical site infection (AOR 1.48, P<0.01), intra-abdominal infections (AOR 1.40, P= 0.04), and prolonged ileus (AOR 1.36, P<0.01) were significantly higher in HAL colectomy.
Risk-adjusted analysis of postoperative complications in patients who had a converted procedure to open compared to successfully completed laparoscopic and HAL operations is reported in Table 3 . Although mortality and morbidity of patients who had a converted procedure were not significantly higher than open colectomy, patients with a converted procedure had significantly higher morbidity compared to successfully completed laparoscopic (AOR 2.42, P<0.01) and HAL colectomy (AOR 2, P<0.01). Tables 4 and 5 report risk-adjusted analysis of postoperative complications of the subset of patients with diverticular disease who underwent laparoscopic and HAL colectomy compared to open colectomy, to control for differential use of HALS for left-sided vs. right-sided colectomy. Both laparoscopic and HAL colectomies had significantly lower morbidity compared to open colectomy for diverticular disease patients. When comparing laparoscopic and HAL approaches in diverticular disease patients, there was no significant difference in mortality (AOR 1.61, CI 0.11-23.12, P=0.72) and morbidity of patients (AOR 1.10, CI 0.85-1.41, P=0.46). Our study results show that HAL colectomy has a shorter hospitalization length of stay with fewer postoperative complications compared to open colectomy. We found a significant decrease in frequency of ten postoperative complications using the hand-assisted approach to colectomy compared to the open approach. Shorter hospitalization length, lower wound infection, and postoperative ileus for hand-assisted approach compared to open colectomy were reported previously.
11 , 18 , 19 Although in subset analysis of data for patients with diverticulitis who underwent left-sided colectomy we found similar results, differences in case selection of open surgery and HAL colectomy make any firm conclusions difficult to make. Also, the role of the HAL approach in emergent cases that more likely are done with the open approach is unclear and beyond the scope of the current study.
Further studies are indicated to compare open and HAL colectomy with two homogeneous groups of patients.
Hand-assisted colectomy procedures can also be used as a bridge toward totally laparoscopic colectomy. Our study results show that while HAL colectomy has significant benefits compared to open colectomy, laparoscopic colectomy has better overall outcomes compared to the hand-assisted approach. We found that superficial surgical site infection, sepsis, intraabdominal infections, and prolonged ileus are significantly higher in HAL approach compared to laparoscopic colectomy. Previous studies reported similar outcomes of laparoscopic and HAL colectomy. 15 , 17 , 21 This may be attributed to the fact that previous studies were generally underpowered with a limited number of patients. However, Tjandra reported a higher rate of ileus for HAL colorectal resection compared to laparoscopic resection which is in line with our study results. 22 The role of a HAL approach to colectomy remains SSI Surgical Site Infection a Includes prolonged ileus, hospitalization more than 30 days, pneumonia, superficial surgical site infection, cardiac arrest, myocardial infarction, organ space surgical site infection, deep incisional surgical site infection, unplanned intubation, ventilator dependency, hemorrhagic complications, wound disruption, deep vein thrombosis, central vascular accident, pulmonary embolism, sepsis, return to operation room, anastomosis leakage, urinary tract infection, progressive renal insufficiency, and septic shock controversial, and there is a debate whether it helps or hinders. 17 Despite disadvantages of HAL colectomy over laparoscopic colectomy, hand-assisted approach may be more likely done for complex colon procedures which have more limited opportunity for laparoscopic surgery. 13 , 23 Considering that it is easier for some surgeons to perform HAL colectomy compared to laparoscopic colectomy, 24 it is reasonable to utilize hand-assisted colectomy in complex cases which a particular surgeon does not consider suitable for laparoscopic surgery. Also, our study results show that converted procedures have a twofold increased morbidity risk compared to successfully completed HAL colectomy. We have no information on conversion of a laparoscopic colon procedure to the handassisted approach, which needs further investigation.
Our study results show that HAL colectomy provides slightly more efficient segmental colectomy regarding operative time compared to laparoscopic colectomy. In addition, we found that the operative time of the hand-assisted approach and open colectomy have no significant differences. Previous studies have reported similar results.
14 , 15 , 21 Handassisted colectomy can be used to facilitate minimally invasive colectomy and speed up a certain laparoscopic step in difficult cases. Benefits of the hand-assisted approach should be balanced with its disadvantages such as higher risks of postoperative ileus and wound infection. In addition, longterm outcomes of HAL colectomy regarding the impact of creating a larger incision and inserting a hand into the abdomen as it relates to incisional hernia and small bowel obstruction needs more investigation. A recently published article reported HAL as an independent risk factor of incisional site hernia following abdominal surgery. 25 Closure of the hand port place with non-absorbable suture and limited activity The HAL approach in left-sided colectomies has the same outcomes as the laparoscopic approach. In the subset analysis of data, our study results show that patients with diverticular disease who underwent left colectomy benefit from both laparoscopic and HAL colectomy. However, we did not find any significant difference in postoperative complications of HAL and laparoscopic colectomy in diverticular disease patients. This is in line with previous reports.
15
, 27 Considering the high conversion rate of laparoscopic colectomy to open for diverticulitis, such patients may benefit from the HAL approach before converting the procedure to open. 28 
Study Limitations
The main weakness of the study was the retrospective nature of it, and causality cannot be inferred based only on our data. Our study is further limited by selection bias and coding inaccuracies as a result of the retrospective design and using discharge data. The NSQIP database does not represent a national weighted distribution of cases, and we could not report the rates of open, laparoscopic, and HAL colectomy as the national rates. We investigated surgical approaches in elective colon resections; however, utilization of laparoscopic and HAL in emergent cases needs to be investigated. One of the purported advantages of HAL is a lower conversion rate compared to laparoscopic surgery, but NSQIP does not separate the conversion rate of laparoscopic surgery and HAL to open operation, and therefore, we cannot provide any data to answer that question, and also, we could not compare intention to treat laparoscopic colectomy with HAL colectomy. 18 The decision to use a hand port is sometimes made when it becomes clear that a laparoscopic approach alone is suboptimal. However, in the NSQIP database, no data was available to evaluate if patients undergoing LC were converted to HAL or the procedure was started with the HAL approach in the first place. We compared the three groups of open, laparoscopic, and HAL colectomy in this study. However, these three groups of patients were not three homogeneous groups of patients regarding demographic data and comorbidities. The NSQIP database does not provide any information on long-term oncologic outcomes, conversion rate to open, and intra-operative transfusion. 23 Despite these limitations, the present analysis can be used as a baseline in future strategies and studies of utilizing HAL surgery in colorectal surgery.
Conclusion
Hand-assisted laparoscopic colectomy is a safe approach with significant advantages compared to open colectomy. It is reasonable to utilize hand-assisted colectomy in complex cases which are not felt to be suitable for laparoscopic surgery. When comparing it with laparoscopic colectomy, HAL colectomy is associated with higher rates of prolonged ileus, sepsis, intra-abdominal infection, and superficial surgical site infection. However, hand-assisted approach to colectomy does modestly, but significantly, decrease the length of operation compared to laparoscopic colectomy. The advantages and disadvantages of HAL colectomy should be compared for each colon procedure. The possibility of conversion of a laparoscopic colon procedure to hand-assisted approach and long-term outcomes of the insertion of a hand into the abdomen regarding risk of incisional hernia and small bowel obstruction need more investigation. 25 , 26 
